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Abstract 
Problems of posture in cycling are closely related to a badly adjusted saddle. Many of these problems can be 
prevented if the bicycle is correctly adjusted. In the search for an optimum posture of the cyclist, a balance should be 
found to both prevent injuries and enhance performance. If the influence of bicycle ‘posture height’ on generation of 
muscular power is largely investigated, little attention is carried out about the effects of ‘posture length’ on the cyclist 
neuromuscular strategy. The purpose of the present study is to compare joint powers for different configurations of 
the cyclist ‘posture length’. Fourteen competitive cyclists and triathletes (28.2 ± 7.5 years) perform 3-min trials on a 
stationary cycloergometer at four different ‘posture lengths’ (preferred, backward, intermediate, forward) each 
separated by one minute of rest. The cyclists exercise an external power of 3.8 ± 0.1 W.kg-1 and pedaling cadence is 
controlled at 90 ± 5 rpm for all trials. Three-dimensional external forces and moments were measured at each pedal 
using six components force sensors. Using pedal forces and lower limb three-dimensional kinematics, joint powers 
are calculated at the ankle, knee and hip joints using an inverse dynamics procedure and normalized to the subject 
body mass. The results of pedal and joint powers output show that preferred and forward posture lead to develop 
larger knee power than backward posture. The latter requires to develop supplementary joint power at the hips that 
compensate joint power deficiency at the knees.  
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Keywords: Cycling; posture; three-dimensional (3D) movement analysis; joint power 
* Corresponding author. Tel.: +33-549-496-697; fax: +33-549-496-504. 
E-mail address: chris.hayot@univ-poitiers.fr. 
Available online at www.sciencedirect.com
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
213 Chris Hayot et al. /  Procedia Engineering  34 ( 2012 )  212 – 217 
1. Introduction 
Road racing cyclists have to search an optimum posture on the bicycle to improve performance and 
prevent injuries. Indeed, the correct cycling posture consists in both enhancement of the performance and 
avoiding injuries related to a badly adjusted posture. The effect of the posture on the performance of the 
cyclist has been largely investigated in the biomechanical literature. Particularly, the effect of ‘posture 
height’, defined as saddle height, crank length, shoe cleat position and saddle setback, received large 
attention in the literature [1, 2]. Several authors also underlined that the most common injuries 
encountered by road racing cyclists related to a badly adjusted ‘posture length’ [3, 4]. In most cases, it 
consisted on an insufficient reach, the distance between the front of the saddle and the transverse part of 
the handlebars. However, there is little attention paid to the influence of ‘posture length’ on the cycling 
performance. The forward-leaning upper and the lower limb configurations of the cyclist change with 
posture length. While cycling power is produced mainly by muscles that span the ankle, knee and hip 
joints [5, 6], these constraints probably affect muscular power production. 
The purpose for conducting this study was to determine whether changes in ‘posture length’ affect the 
muscular power produced at the hip, knee and ankle joints. We investigated joint powers generated for 
four saddle reach configurations: preferred, backward, intermediate and forward. 
Nomenclature 
ISB International Society of Biomechanics  
BDC Bottom dead center  
2. Methods 
2.1. Participants 
Ten cyclists and four triathletes with competitive experience (9 males (69.1 ± 4.6 kg) and 5 females 
(61.1 ± 5.2 kg, 28.2 ± 7.5 years old, with dominant right lower limb) were volunteered for the study. The 
protocol was explained verbally and in writing, and all participants signed an informed consent form. 
2.2. Experimental protocol 
At the start of the evaluation session, mass of the participant and shoes were measured (Secca scales) 
and self-reported age, week training hours and average speed at self-selected racing events were recorded. 
A stationary cycle ergometer (SRM TrainingSystem, Schoberer, Germany) was used to conduct the 
experimentations. The ergometer saddle was set to participants’ preferred saddle height and reach as 
measured on their own personal training bicycles. Handlebar position was set to preferred ‘posture length’ 
so that the horizontal distance between the saddle and the handlebar varied for each cyclist trial. ‘Posture 
length’ conditions of the cyclist was defined as the preferred saddle horizontal position, backward 
position of the saddle (i.e. maximal backward position), intermediate position (+ 5 cm), and forward 
position (+ 10 cm). Participants performed a 5-min warm-up of submaximal cycling at a fixed cadence of 
90 rpm and a free-selected power output on the stationary cycle ergometer using their preferred ‘posture 
length’.  
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Four trials with different ‘posture length’ configuration were then completed by the cyclist with a fixed 
global external power output of 3.8 ± 0.1 W.kg-1 (259 ± 17 W) and a visually controlled pedaling cadence 
of 90 ± 5 rpm for three minutes. Data were recorded during the last two minutes for each trial. One 
minute of static rest was completed between trials. 
2.3. Data recording 
Three-dimensional kinematic data were collected at 100 Hz using a ten camera Vicon Motion Analysis 
System (Vicon, Oxford, UK). Motion data were collected simultaneously with three-dimensional forces 
and moments from two six-load component force sensor pedals (Sensix, Poitiers, France) at 200 Hz. The 
force data were time-synchronized to the video sampling. The instantaneous pedal-to-crank angle was 
measured using digital position encoders. Dynamics data were acquired by an analog to digital converter 
(NI-PCIe-6353, National Instruments, USA) using a custom Labview (National Instruments Corporation, 
Austin, USA) data acquisition script. The instantaneous external power output at each pedal was directly 
provided by the I-Crankset software (Sensix, Poitiers, France). 
2.4. Treatment of data 
A 7-link biomechanical model of the human lower limb, representing the feet, legs, thighs and pelvis, 
was used to compute the cyclist kinematics. A solidification procedure was applied to kinematic data [7]. 
The lower limbs trajectory and the orientation of the local body frames were set accordingly to the 
recommendations of the ISB (International Society of Biomechanics) [8]. Foot, shank and thigh lengths, 
as well as pelvic width were estimated during a standing trial. Segmental masses, moments of inertia, and 
the segmental center of mass locations were estimated using the regression equations reported by de Leva 
[9]. Forces and moments on each pedal surface, and body segment trajectories were used to compute 
three-dimensional joint forces and moments at the ankles, knees and hips via a standard inverse dynamics 
technique. Joint powers were calculated as the dot product of joint moments and joint angular velocities, 
and were normalized to the subject body mass. To compare the different configurations of ‘posture 
length’ with guidelines from Peveler [1], the ankle, knee and hip flexion/extension angle were measured 
for each trial from the motion capture system while the pedal attained the BDC (bottom dead centre) 
position, i.e. lowest position of the pedal with crank angle at 180°. Treatment of data was conducted 
offline using a custom Matlab (Mathworks Inc, Novi, USA) analysis package. 
2.5. Statistical analysis 
To test the effect of ‘posture length’ on pedal and joint power output, one-way analysis of variance 
(ANOVA) was performed. The significance level for the ANOVA was set to p<0.05.  If the ANOVA 
indicated a significant main effect for ‘posture length’, post hoc pairwise comparisons (Bonferroni) were 
performed to identify ‘posture length’ pairs with significantly different relative pedal and joint powers. 
3. Results 
Table 1 presents mean joint angles (ankle; knee; hip) and pedal power outputs (total; left side; right 
side) for each condition of ‘posture length’. Average knee and hip joint angle at preferred ‘posture length’ 
among the subjects were 26.3 ± 1.3° and 40.7 ± 1.1°. The shortening of the posture led to increase the 
knee joint angle and decrease the hip and ankle joint angles. The results underlined significant differences 
of mean pedal power provided by the ‘dominant’ right limb between backward and others ‘posture 
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length’ (p<0.05). Considering the results of mean left right pedal power, we observed no significative 
effect of ‘posture length’. 
Table 1.  Mean (±SD) ankle, knee and hip joint angles for the four configurations of ‘posture length’ (preferred, backward, forward 
and intermediate) (N = 14). Mean (±SD) total and pedal external power output (W.kg-1) are also reported in relation to ‘posture 
length’ 
Configurations of ‘posture length’/ 
Variables 
Preferred Backward Intermediate Forward 
Ankle flexion at BDC position (°) 10.4 ± 1.5 10.7 ± 0.9 8.7 ± 1.6 6.6 ± 0.8 
Knee flexion at BDC position (°) 26.3 ± 1.3 24.1 ± 0.8 27.1 ± 0.9 29.2 ± 1.1 
Hip flexion at BDC position (°) 40.7 ± 1.4 42.5 ± 0.9 39.8 ± 0.9 35.5 ± 1.2 
Total power output (W.kg-1) 3.78 ± 0.10 3.72 ± 0.20 3.78 ± 0.10 3.78 ± 0.05 
Right pedal power output  (W.kg-1) 1.87± 0.05B 1.79 ± 0.04P ,I ,F 1.90 ± 0.05B 1.93 ± 0.05B
Left pedal power output (W.kg-1) 1.86 ± 0.06 1.82 ± 0.05 1.89 ± 0.07 1.85 ± 0.04 
P indicates significant difference (p<0.05) with preferred ‘posture length’ for corresponding cells. 
B indicates significant difference (p<0.05) with backward ‘posture length’ for corresponding cells. 
I indicates significant difference (p<0.05) with intermediate ‘posture length’ for corresponding cells. 
F indicates significant difference (p<0.05) with forward ‘posture length’ for corresponding cells. 
Table 2 presents mean joint powers for the four condition of ‘posture length’. The results underlined 
that right and left knee powers increased significatively for preferred and forward posture in comparison 
to backward position (p<0.05). However, a significant increase of right and left hip powers appeared 
when considering backward posture (p<0.05). The results also underline that power generated at the 
ankles increase significatively for preferred ‘posture length’ (p<0.05).
Table 2.  Mean (±SD) joint powers (W.kg-1) at the ankles, knees and hips for the four configurations of ‘posture length’ (preferred, 
backward, intermediate and forward) (N = 14) 
Configurations of ‘posture length’/ 
Variables 
Preferred Backward Intermediate Forward 
Right ankle joint power (W.kg-1) 0.28 ± 0.01B, I, F 0.21 ± 0.02P 0.22 ± 0.01P 0.21 ± 0.01P
Left ankle joint power (W.kg-1) 0.26 ± 0.01B, I, F 0.22 ± 0.02P, F 0.21 ± 0.01P 0.19 ± 0.01P, B 
Right knee joint power (W.kg-1) 0.70 ± 0.10B, F 0.43 ± 0.07P, I, F 0.69 ± 0.10 B, F 0.88 ± 0.05P, B, I 
Left knee joint power (W.kg-1) 0.61 ± 0.08B, F 0.42 ± 0.08P, I,  F 0.62 ± 0.07B, F 0.79 ± 0.05 P, B, I  
Right hip joint power (W.kg-1) 1.04 ± 0.06B, F 1.22 ± 0.02P, I, F 1.07 ± 0.07B, F 0.85 ± 0.04P, B, I 
Left hip joint power (W.kg-1) 1.13 ± 0.08B, F 1.28 ± 0.03P, I, F 1.17 ± 0.07B, F 0.82 ± 0.03P, B 
P indicates significant difference (p<0.05) with preferred ‘posture length’ for corresponding cells. 
B indicates significant difference (p<0.05) with backward ‘posture length’ for corresponding cells. 
I indicates significant difference (p<0.05) with intermediate ‘posture length’ for corresponding cells. 
F indicates significant difference (p<0.05) with forward ‘posture length’ for corresponding cells. 
Figure 1 shows instantaneous pedal and joint power output in relation to crank angle for each position. 
The knee generated most of joint power at the instant of the appearance of the pedal power output peak. 
However, the peak of knee power during the forward condition appeared 18.2 ± 3.1° later than knee 
power peak for preferred posture. 
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Fig. 1. Mean instantaneous external pedal and joint powers at the ankles, knees and hips vs. crank angle for the four ‘posture length’ 
conditions. The results were averaged over all pedaling cycle and normalized to body mass 
4. Discussion 
The aim of the present study was to determine whether changes in ‘posture length’ affect the muscular 
power produced by the muscles spanning the ankle, knee and hip joints. From a standard inverse 
dynamics procedure, the computed joint powers therefore provided insight into movement strategies and 
phenomenon of muscular adaptations to constraints related to ‘posture length’. 
Our results showed that the preferred knee angle used by the cyclists at the BDC position of the pedal 
was similar to guidelines from Peveler [1]. However, we noticed few changes of knee flexion between the 
four conditions of ‘posture length’. On the contrary, hip angles largely varied from backward posture to 
forward posture. These results suggest that the optimal fitting of the bicycle should equally depend on 
recommendations about hip joint angle at the BDC position of the pedal. 
Otherwise, our results underlined that a forward position allowed to develop larger knee power in 
comparison to backward posture. Regarding the significance of generated knee joint power on overall 
pedal power output, we could make the assumption that forward position enhances the performance of the 
cyclist. However, this also suggests that forward posture could generate strong patellofemoral 
compression forces and cause knee complaints, e.g. chondromalacia [3, 4]. In addition, several authors 
demonstrated that backward posture is more comfortable for cyclists, preventing injuries in the low back 
and the neck [3, 4]. Indeed, this posture implies an anterior pelvic tilt and a more extended posture. This 
prevents cervical lordosis from becoming too pronounced as a result of exaggerated hyperextension of the 
neck. These findings corroborate that a balance should be found to both prevent injuries and improve 
performance in the search for an optimum ‘length posture’ of the cyclist.  
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